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(57) ABSTRACT

An electrical contactor assembly is provided including an
electrical bus bar and at least one electrical contactor. The
electrical bus bar includes a layer of insulation, a layer of
copper, and a composite core having at least one wire embed-
ded therein. The wire is configured to locally reduce thermal
strain. The at least one electrical contactor is mounted to the
layer of copper through an opening in the layer of insulation.
The electrical contactor and the bus bar are thermally and
electrically connected.

11 Claims, 6 Drawing Sheets

N

112

/7
122 o8 130
S —— ]
JULHL LG LU 1
«— 120
110 10— | \ |Hi
) l!”!!!!!!!!!” \\ |||||‘!|H\|

108 \

50

(L_/ (' |)\

108

130



US 9,401,590 B2

Page 2
(51) Int.ClL 2007/0119617 Al* 5/2007 Hayashietal. ... 174/260
B29K 105/00 (2006.01) 2009/0161301 Al 6/2009 Woody et al.
B29I 31/34 (2006.01) 2010/0065307 Al* 3/2010 Nagaseetal. ... 174/252
HO2B 1/56 (2006.01) 2012/0012153 Al* 1/2012 Azechietal. ... 136/244
. * cited by examiner
(56) References Cited

U.S. PATENT DOCUMENTS

2006/0237225 Al* 10/2006 Kariyaetal. ... 174/260
2007/0012477 Al* 1/2007 Nakamuraetal. ... 174/260



U.S. Patent Jul. 26, 2016 Sheet 1 of 6 US 9,401,590 B2

FIG. 1




US 9,401,590 B2

Sheet 2 of 6

Jul. 26, 2016

U.S. Patent

; w ¢ 9Ol

ﬁuxm E DRRVNBVOBHTROIVOR G000 0RO 00 0220 eh00 S 00 S0 IR N A AT (34
N Ja—— ¥ ﬂx.m,umm% .
o
EI0] B R s
92 olofT¥ s i
M TN

J

L g
3 N : g

TG oo Onoosa @ 98

: i ux w— T SN
mw,mm.tlvs, R ms \.a» iE
{
e,
) e
m.ri:s!ik NS

y

s B <
PO - S

{5

|

Broasaliisansba BU3R0Y

.,Vj/

LS
LN




US 9,401,590 B2

Sheet 3 of 6

Jul. 26, 2016

U.S. Patent

g€ Ol
i S— “
STIH' [ - _ o
L 1 i
/o tm===- 1
/ M
vIT S
\ 80T S i \qm ve Ol
oTT
N 7 L \ \ ‘ w//.nwﬁ
00000 000000 ,OOOOO
zot I <
n Q00000 O00000 00000
qoﬁ\~ / | /

AL

] 7

vs 14

01T ~ 00T



US 9,401,590 B2

Sheet 4 of 6

Jul. 26, 2016

U.S. Patent

dv 'Dld
v |
R — .
! I
ot _§ | \ e |\~
/ N\
V¥ ‘DId
80T va vs
o:/ \ 1 \ \ 90T
. _ /_ )
-0t 1 _H_ _H_ ———1 K— 0§
\\V 1
o1 = / N \ / /

011

~ 001



U.S. Patent Jul. 26, 2016 Sheet 5 of 6 US 9,401,590 B2

110
50

54

122

112
/

108

FIG. 5



U.S. Patent Jul. 26, 2016 Sheet 6 of 6 US 9,401,590 B2

50A

K\ 130

108

112

100
50B

FIG. 6



US 9,401,590 B2

1
HEAT SINK FOR CONTACTOR IN POWER
DISTRIBUTION ASSEMBLY

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. provisional
patent application Ser. No. 61/923,963 filed Jan. 6, 2014, the
entire contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

This invention generally relates to the field of electrical
contactors and, more particularly, to a bus bar configured to
dissipate heat generated by an electrical contactor of a con-
tactor assembly.

Contactor assemblies are used in electrical applications,
such as aircraft power distribution systems, where power and
current flow control of a multi-phase power distribution sys-
tem is required. A contactor assembly typically includes a
panel on which several electrical contactors are mounted.
Known mounting assemblies used to mount electrical con-
tactors to the panels are constructed of thermally and electri-
cally resistive materials, such as plastics.

Each of the contactors is connected to an electrical bus bar,
and allows current to flow through the contactor and the
corresponding bus bar whenever the contactor is in a closed
position. The electrical power and current flow through the
contactors is controlled by mechanically actuating a contact
plate within the contactor such that, when current flow is
desired to pass through the contactor, the contact plate is
pushed into electrical contact with two leads and forms an
electrical path coupling the leads, thereby allowing current to
flow through it.

Due to the amount of current traveling from the leads to the
contact plate, the temperature of the electrical contactors and
of the bus bar coupled thereto increases. Because the electri-
cal contactors and the bus bar are made from different mate-
rials, the increase in temperature causes the contactors and the
bus bar to expand at different rates, creating thermal strain
and fracturing in the contactor assembly.

BRIEF DESCRIPTION OF THE INVENTION

According to one embodiment of the invention, an electri-
cal contactor assembly is provided including an electrical bus
bar and at least one electrical contactor. The electrical bus bar
includes a layer of insulation, a layer of copper, and a com-
posite core having at least one wire embedded therein. The
wire is configured to locally reduce thermal strain. The at least
one electrical contactor is mounted to the layer of copper
through an opening in the layer of insulation. The electrical
contactor and the bus bar are thermally and electrically con-
nected.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter, which is regarded as the invention, is
particularly pointed out and distinctly claimed in the claims at
the conclusion of the specification. The foregoing and other
features, and advantages of the invention are apparent from
the following detailed description taken in conjunction with
the accompanying drawings in which:

FIG. 1 is a schematic diagram of an aircraft;

FIG. 2 is a schematic diagram of a portion of an exemplary
power distribution network;
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FIG. 3A is a cross-sectional view of a contactor assembly
in a power distribution network according to an embodiment
of the invention;

FIG. 3B is a top view of a contactor assembly in a power
distribution network according to an embodiment of the
invention;

FIG. 4A is a cross-sectional view of a contactor assembly
in a power distribution network according to an embodiment
of the invention;

FIG. 4B is a top view of a contactor assembly in a power
distribution network according to an embodiment of the
invention;

FIG. 5 is a cross-sectional view of a contactor assembly in
a power distribution network according to an embodiment of
the invention; and

FIG. 6 is a top view of a contactor assembly according to
another embodiment of the invention.

The detailed description explains embodiments of the
invention, together with advantages and features, by way of
example with reference to the drawings.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to FIG. 1, an example of an aircraft 10
including an electrical power distribution system is illus-
trated. The aircraft 10 includes a power generation system 20,
which utilizes rotation within the jet engines 22 to generate
either single phase or three phase electrical power. The power
is sent to a panel box 24 that contains multiple electrical buses
and contactor assemblies 100 for controlling how the power is
distributed throughout the aircraft 10. Through the use of the
electrical contactor assemblies 100, power may be controlled
for each onboard electrical system 26 independently.

The interior of an example of a panel box 24 is illustrated
in FIG. 2. The interior of the panel box 24 has multiple
electrical bus bars 50, which are interrupted by electrical
contactor connections 52. When the contactor connections 52
are closed, electrical current and heat are allowed to flow
between the connected bus bars 50 and a contactor 54. The
contactor 54 is an electrical switch, such as a silicon die for an
electronic component, such as a field effect transistor (FET)
for example. In known systems, all of the excess heat gener-
ated in the contactors 54 is transmitted to the bus bars 50 for
dissipation by convection and radiation into the ambient
atmosphere.

Referring now to FIGS. 3-6, an example of a contactor
assembly 100 for connecting an electrical contactor 54 to a
bus bar 50 is illustrated. The generally rectangular bus bar 50
includes a core 102 formed from a plurality of layers of
thermally and electrically conductive materials. In one
embodiment, the bus bar core 102 includes layers of alumi-
num and graphene arranged in an alternating configuration.
The size and number of layers, as well as the materials used to
form the core 102 depend on the application and the amount
of current that the bus bar 50 is intended to carry. A layer of
copper 108 is positioned over both a first surface 104 and a
second, opposite surface 106 of the core 102. Overlapping
each of the copper layers 108, is a layer of insulation 110
having one or more openings 112 formed therein. Each of'the
openings 112 (FIG. 6) in the insulation 110 corresponds to a
position where a contactor 54 is configured to be mounted to
the bus bar 50. In one embodiment, the core 102, layers of
copper 108 and layers of insulation 110 of the bus bar 50 are
formed via an additive manufacturing process.

A plurality of wires 114 (FIGS. 3A and 3B) extend over at
least a portion of the length of the bus bar 50, through a central
portion of the core 102. The wires 114 may be formed from a
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memory metal, such as Nitinol for example, and are config-
ured to locally reduce thermal strain by counteracting the
effects of thermal expansion of the contactors 54. In one
embodiment, the wires 114 are arranged in groups substan-
tially aligned with the contactors 54 connected to the bus bar
50. In the illustrated, non-limiting embodiment, the groups of
wires 114 are arranged near the surface of the core, either the
first surface 104 or the second surface 106, closest to a con-
tactor 54. The length and diameter of each wire 114, as well as
the number of wires 114 within in a group may vary based on
the application and the coefficient of thermal expansion of the
materials in the assembly 100. One or more heat pipes 116
(FIGS. 4A and 4B) may also be arranged within the core 102
of the bus bar 50. The heat pipes 116 are configured to draw
heat away from the contactor assembly 100. In one embodi-
ment, a heat pipe 116 is arranged generally in the center of the
bus bar 50 in alignment with a contactor 54 mounted thereto.

Referring now to FIG. 5, a solder plated nanofoil 120 is
used to electrically and thermally couple each contactor 54,
positioned within an opening 112 in the insulation 110, to a
copper layer 108 ofthe bus bar 50. Application of an electrical
current to the nanofoil 120 causes the solder 122 to melt and
bond with both the copper layer 108 and the contactor 54. The
fusible nature of the solder 122 reduces the likelihood of
cracks or fractures as a result of the difference between the
coefficient of thermal expansion of the bus bar 50 and of the
contactor 54. A plurality of bond wires 130 (FIG. 6) electri-
cally couple the contactor 54 to another a bus bar. The bond
wires 130 may be conventional wires, or alternatively may be
formed from electrically conductive ink, such as through a
direct write 3-D printing process for example. During opera-
tion current flows from bus bar 50A to the contactor 54,
through the bond wire 130 and over to the second bus bar 50B.
Current flow through the contactor 54 is controlled electroni-
cally by a bus power control circuit (not shown) which can
turn the contactor 54 on or off electronically depending on the
operating condition.

The contactor assembly 100 described herein has a reduced
number of thermal interfaces, and therefore has an improved
performance and reliability. Utilizing direct write technology
for the bond wires 130, any parasitic effects generated by
positioning the contactors 54 flat on the bus bar 50 is elimi-
nated. The memory wires within the bus bar core 102 provide
a method of controlling the strain caused by thermal mis-
match between the contactor 54 and bus bar 50 and thereby
reduce the damage caused by the thermal cycles experienced
in operation. This will result in contactor having higher ther-
mal cycling capability. In addition, because the metered depo-
sition and the material conductivity is known, the direct write
bond wires 130 may be used as a safety device to disable the
contactor assembly in the event of a failure.

While the invention has been described in detail in connec-
tion with only a limited number of embodiments, it should be
readily understood that the invention is not limited to such
disclosed embodiments. Rather, the invention can be modi-
fied to incorporate any number of variations, alterations, sub-
stitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and
scope of the invention. Additionally, while various embodi-
ments of the invention have been described, it is to be under-
stood that aspects of the invention may include only some of
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the described embodiments. Accordingly, the invention is not
to be seen as limited by the foregoing description, but is only
limited by the scope of the appended claims.

The invention claimed is:

1. An electrical contactor assembly comprising:

an electrical bus bar including a layer of insulation, a layer

of copper, and a composite core including at least one
wire embedded therein, and
at least one electrical contactor mounted to the layer of
copper through an opening in the layer of insulation such
that the electrical contactor and the bus bar are thermally
and electrically connected, wherein the at least one wire
is configured to temporarily deform to counteract ther-
mal expansion of the at least one electrical contactor;

wherein the composite core is formed from a plurality of
aluminum layers and a plurality of graphene layers; and

wherein the plurality of aluminum layers and the plurality
of graphene layers alternate.

2. The electrical contactor assembly according to claim 1,
wherein the bus bar is formed by an additive manufacturing
process.

3. The electrical contactor assembly according to claim 1,
wherein the at least one wire is a formed from a memory
metal.

4. The electrical contactor assembly according to claim 3,
wherein a plurality of wires are embedded in the composite
core, the plurality of wires are arranged into groups generally
aligned with the at least one electrical contactor.

5. The electrical contactor assembly according to claim 4,
wherein the plurality of wires is positioned near a surface of
the core adjacent the electrical contactor.

6. The electrical contactor assembly according to claim 1,
further comprising at least one heat pipe embedded within the
composite core of the bus bar.

7. The electrical contactor assembly according to claim 6,
wherein the at least one heat pipe is generally aligned with
one of the at least one electrical contactors.

8. The electrical contactor assembly according to claim 7,
wherein the at least one heat pipe is positioned generally
centrally within the composite core.

9. The electrical contactor assembly according to claim 1,
wherein the electrical contactor is mounted to the bus bar with
a solder plated nanofoil.

10. An electrical contactor assembly comprising:

an electrical bus bar including a layer of insulation, a layer

of copper, and a composite core including at least one
wire embedded therein, and
at least one electrical contactor mounted to the layer of
copper through an opening in the layer of insulation such
that the electrical contactor and the bus bar are thermally
and electrically connected, wherein the at least one wire
is configured to temporarily deform to counteract ther-
mal expansion of the at least one electrical contactor;

at least one bond wire configured to electrically couple the
electrical contactor to a power source, wherein the at
least one bond wire includes an electrically conductive
ink.

11. The electrical contactor assembly according to claim
10, where the at least one bond wire is formed by a direct write
3-D printing process.
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